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Introduction
The evaluation of lymphatic metastases in the staging of 
cervical and endometrial cancers continues to be contro-
versial in gynecologic oncology. By convention, the entire 
lymphatic basin draining a tumor is excised (resulting in 
prolonged operation duration, increased blood loss, infec-
tion, nerve injury, lymphocyst formation, vascular injury, 
venous thromboembolism, and lower extremity lymph-
edema) to obtain histological diagnosis of lymphatic 
metastases.1,2 The development of sentinel lymph node 
(SLN) biopsy techniques have reduced the number of 
complications compared to traditional lymphadenectomy. 
SLN improves detection of micrometastatic disease and 
fine-tunes our lymphadenectomy anatomic templates.3-7 
The gold standard assessment of SLN in cervical and 
endometrial cancers is still to be established. SLN assess-
ment has been performed with laparotomy, conventional 
laparoscopy,8 robotics,9 and minilaparoscopy,10 always 
via transperitoneal or intraperitoneal approach.
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Abstract
Background. The sentinel lymph node (SLN) concept might minimize surgical aggressiveness in cervical and endometrial 
malignancies. The aim of the study was to test the feasibility and reliability of minilaparoscopic extraperitoneal SLN 
excision after indocyanine green (ICG) cervical injection using a high-definition near infrared (NIR) imaging system in 
an in vivo porcine model. The same procedure was performed using conventional laparoscopic instruments and both 
outcomes were compared. Methods. Twenty-four animals were equally and randomly divided into a minilaparoscopic 
group (group A) and a 5-mm conventional laparoscopic group (group B). A high-definition NIR imaging system and 
a 30° ICG endoscope were used. First, ICG (0.5 mL) was injected in the paracervical region. The SLN coloring time 
was recorded. An extraperitoneal approach to the SLN was executed with the same CO
2
 retropneumoperitoneum 
pressures (10 mm Hg). In both groups, the times for SLN localization and excision, as well as complications, were 
registered. Finally, a laparotomy was then done to evaluate whether any stained SLN still remained. The same surgical 
team performed all experiments. Results. SLNs were identified and extraperitoneally excised in all animals without 
major complications. The SLN localization varied between animals from external iliac to preaortic regions. The surgical 
times were shorter with minilaparoscopy (39.3 ± 13 minutes) than with conventional 5-mm instruments (51.3 ± 14.17 
minutes; P = .042). In group B, one stained SLN remained and was only detected by laparotomy. Conclusions. We 
confirmed the feasibility and reliability of extraperitoneal minilaparoscopic approach for identification, dissection, and 
excision of SLN using an NIR imaging system and ICG.
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The benefits conferred by an extraperitoneal, laparo-
scopic lymphadenectomy include a short learning curve, 
decreased adhesion formation, feasibility in obese 
patients, patients with peritoneal adhesions, and reduced 
bowel complications associated with postoperative adju-
vant irradiation.11
To the authors’ knowledge, the combination of extra-
peritoneal minilaparoscopy in SLN assessment has not 
previously been described. There are no data referring to 
the use of these smaller instruments in the reduced extra-
peritoneal space. The aim of the study was to test the fea-
sibility and reliability of minilaparoscopic extraperitoneal 
SLN excision after indocyanine green (ICG) cervical 
injection using a high-definition near infrared (NIR) 
imaging system in an in vivo porcine model. The same 
procedure was performed using 5-mm conventional lapa-
roscopic instruments and both outcomes were compared.
Materials and Methods
Animal experiments were performed following EU 
Directive 2010/63/EU and the Portuguese law for animal 
welfare (Diário da República, Portaria 1005/92).
Animal Model
Our cohort included 27 female pigs (Sus scrofus domesti-
cus) weighing between 35 and 45 kg. The first 3 pigs 
were used to establish anatomical landmarks and techni-
cal steps and therefore were not included in the subse-
quent protocol. Twenty-four pigs were equally and 
randomly divided into a minilaparoscopic group (group 
A) and a conventional laparoscopic group (group B). The 
mean weight of the pigs was 37 ± 2.1 kg in group A and 
37 ± 1.6 kg in group B. All pigs were 12 weeks of age.
Pig Preparation
All procedures were performed with the pigs under gen-
eral anesthesia, with endotracheal intubation and mechan-
ical ventilation. The pigs were preoperatively starved of 
food for 8 hours and water for 4 hours. Animals were pre-
medicated with a combination of azaperone (4 mg/kg, 
intramuscularly [IM]), midazolam (1 mg/kg, IM), and 
atropine (0.05 mg/kg, IM). The pigs were initially anaes-
thetized with intravenous propofol (6 mg/kg). Anesthesia 
was maintained with continuous intravenous propofol 
infusion (20 mg/kg/h) and intramuscular buprenorphine 
(0.05 mg/kg).
Surgical Procedures
After anaesthetization of the pigs, the pigs were positioned 
in a dorsal Trendelenburg position and immobilized. In 
both groups, pneumoperitoneum was created using a 
Veress needle.
A special laparoscope (26003 BGA, Karl Storz GmbH 
& Co KG, Tuttlingen, Germany) with a 30° angle of view, 
incorporating observation filters that allowed NIR and 
white light imaging without changing the telescope. The 
powerful xenon light source (D-LIGHT P SCB, Karl 
Storz) provided both visible and NIR excitation light. A 
pedal controlled by the surgeon was used to switch from 
standard light to NIR. The use of a fluid light cable 
ensured high light transmission. A dedicated, infrared-
sensitive camera head (IMAGE 1 H3-Z FI, Karl Storz) in 
conjunction with a full high-definition camera control 
unit (IMAGE 1, Karl Storz) was used to process the gen-
uine NIR fluorescence.
First, a laparoscope was introduced by a supraumbili-
cal trocar and 0.5 mL of ICG solution (25 mg of ICG 
[Pulsion Medical Systems AG, Munchen, Germany] 
diluted in 10 mL of 0.9% NaCl solution) was injected on 
the paracervical region using a long needle (Spinocan 
26G 120 mm; Braun, Melsungen, Germany). A few min-
utes after ICG injection, the colored lymphatic channels 
were mapped and followed toward nodes that retained the 
ICG dye. A stopwatch was used to calculate the time 
required for coloring of the nodes.
Second, a 12-mm incision, 2 cm superomedial to the 
anterosuperior iliac spine was made to develop an extra-
peritoneal space. Once the peritoneal layer was visual-
ized, the surgeon introduced one finger into the incision 
and performed blunt dissection to separate the peritoneal 
layer from the abdominal wall, which was constantly 
visualized via the umbilical port. Subsequently, a 10-mm, 
single use, blunt tip trocar (OMST10BT, AutoSuture, 
Covidien) was placed through the incision to develop an 
extraperitoneal space. The abdomen was deflated, and the 
laparoscope was brought to the balloon-tipped trocar in 
the extraperitoneal space, which was then insufflated. 
The retroperitoneum was insufflated with carbon dioxide 
(CO
2
) with a pressure not exceeding 10 mm Hg. The 
loose, areolar tissue in the extraperitoneal space was dis-
sected freely using the laparoscope. Special attention was 
taken to prevent perforating the peritoneum, which could 
compromise the retropneumoperitoneum.
In the minilaparoscopic approach (group A), a 3.5-mm 
trocar was introduced into the extraperitoneal space along 
the midaxillary line, under the subcostal margin, approxi-
mately 5 cm above the initial trocar. An additional 3.5-
mm trocar was then placed 3 to 4 cm cephalad to the 
balloon-tipped trocar in the preperitoneal space under 
endoscopic guidance. Utmost care was taken to ensure 
accurate trocar placement without perforating the perito-
neum, which would make the remaining procedure diffi-
cult. While advancing to the retroperitoneum, CO
2
 was 
administered via the balloon trocar channel to keep good 
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exposure. The instrumental trocars accommodated 
36-cm-long minilaparoscopic instruments (Karl Storz 
Endoskope minilaparoscopy instruments set), including 
graspers, cold scissors, suction/irrigation, and the recent 
3.5-mm bipolar coagulator (Karl Storz Robi).
Once the extraperitoneal space was adequately insuf-
flated, the left psoas muscle, ureter, gonadal vessels, and 
common iliac artery were easily identified (Figure 1). 
The retroperitoneum was accessed with care to avoid 
bleeding from vessels and capillaries, which could stain 
the retroperitoneum, making it difficult to follow the col-
ored lymphatic channels. The lumbar and iliac segments 
of the ureter were lifted along with the peritoneal sac. The 
lateral aspect of the iliac artery was used as a guide to 
dissect caudally to the level of its bifurcation, up to the 
aortic bifurcation and lastly to the renal vessels. The 
operative field was thoroughly evaluated to look for col-
ored retroperitoneal lymph nodes (Figure 2). The ureters 
and promontory were 2 useful landmarks in following the 
path of the lumboaortic lymph nodes. At the level of the 
kidneys, we identified paracaval, aortocaval, and preaor-
tic lymph nodes. The laparoscopic fluorescence imaging 
system could visualize the lymphatic channels and nodes 
by stepping on the pedal (Figure 3). The distance between 
the laparoscope tip and target when applying the fluores-
cence was standardized at 2 to 3 cm. Once a colored 
lymph node was confirmed, it was grasped and gently 
separated from the attached lymphatic tissue (Figure 4). 
The peritoneal sac was elevated from the left common 
iliac vein and then from the sacral promontory. The bifur-
cation of the inferior vena cava was identified. The right 
common iliac vein followed by the right common iliac 
artery were freed using blunt dissection. The right ureter 
was then elevated and separated from the iliac vessels and 
the psoas muscle. At this time, the right lateral common 
iliac, presacral, and precaval nodes were identified. 
Lymphatic vessels were sealed with the bipolar dissector 
(Figure 5). The resected SLNs were extracted from the 
extraperitoneal cavity with an endoscopic bag through 
the 10-mm port under direct vision of a 3-mm endoscope 
inserted at one of the 3.5-mm ports. Careful hemostasis 
with bipolar energy was used at the end of the procedure. 
At this time, the extraperitoneal space was deflated, and 
the abdominal cavity was insufflated. The laparoscope 
was once again placed through the supraumbilical port. 
Finally, a laparotomy was then performed to evaluate 
whether there were any remaining SLNs. After the proce-
dure, the pigs were euthanized with an overdose of anes-
thesia. The procedure time (defined as interval between 
skin incision to SLN removal), difficulties, and complica-
tions at each step of the procedure were recorded. The 
Figure 1. Extraperitoneal view (U, ureter; V, vena cava; PS, psoas muscle; K, kidney).
Figure 2. Lymphatics and lymph nodes (LN) colored by ICG.
Figure 3. (A) Lymph node colored by ICG. (B) Lymph node 
in NIR light.
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Figure 5. Standard 5-mm rotating bipolar versus 
minilaparoscopic bipolar dissector.
intraoperative complications were defined as bowel, 
bladder, ureteral, or vascular injuries, and an estimated 
blood loss >200 mL. Estimated blood loss was assessed 
from the contents of suction devices. The procedure can 
be broken into 4 parts: diagnostic laparoscopy to observe 
lymphatic mapping and rule out intraperitoneal disease; 
the insertion of the retroperitoneal minilaparoscopic tro-
cars; the development of the retroperitoneal space; and 
the identification, dissection, and resection of SLNs.
In the conventional laparoscopic group (group B), the 
exact same procedure was performed but with 5-mm con-
ventional laparoscopic instruments. To avoid possible 
bias between the groups, the same surgical team per-
formed all the experiments.
Histologic Analysis
The lymph nodes were analyzed without freezing. Each 
lymph node was fixed in neutral buffered formaldehyde 
for 72 hours, cut into 0.1-cm-thick slices, and embedded 
in a paraffin block. Multiple sections were prepared from 
each block. A set of 3- to 4-µm-thick sections was cut 
every 250 µm. Sections were stained with hematoxylin 
and eosin. The images were taken with an Olympus 
microscope BX61 (Olympus, Tokyo, Japan).
Statistical Analysis
All quantitative data are presented as mean ± SD. 
Statistical analysis was performed using the statistical 
software SigmaStat (version 3.5; Systat Software Inc, 
San Jose, CA). Independent samples Student t-test analy-
sis was used to compare surgical times, and statistical sig-
nificance was set at P < .05. We also present Cohen d 
measure of effect size, whereby 0.2 equates to a small 
effect, 0.5 equates to a medium effect, and effects >0.8 
equates to large effects.12
Results
Following the ICG injection in the paracervical region, the 
green lymphatic channels were identified, as well as the 
ending colored lymph nodes, which were considered 
SLNs. The average time to coloring was 3.58 ± 1.38 min-
utes in group A and 3.25 ±1.42 minutes in group B (t[22] 
= 0.58; P = .57, d = 0.23—small effect size). Extraperitoneal 
dissection and excision of SLNs with 3-mm instruments 
were performed with success in all pigs. The overall 
results of our study are summarized in Table 1.
The average times to perform the experiments were 
39.3 ± 10.7 minutes in group A and 51.3 ± 14.17 minutes 
in group B (P = .042). From experiment 1 to experiment 
12, the operative time was dramatically reduced (from 65 
to 25 minutes in group A and from 79 to 34 minutes in 
group B) presumably due to improved experience and 
identification of the anatomic landmarks.
In group A, the intraoperative complications included 
intraoperative bleeding (40 and 30 mL) in 2 cases, which 
was controlled by minilaparoscopic instruments, and 1 
diffuse anterior abdominal wall emphysema. In group B, 
there were 2 cases of intraoperative bleeding (60 and 40 
mL), 1 case of abdominal wall emphysema, and 2 pneu-
moperitoneums (one of which was associated with perito-
neal perforation and both were evacuated by Veress 
needle insertion). There were no cases with urinary and 
digestive tract injuries. During the procedures, the heart 
rate, arterial pressure, and respiratory function were sta-
ble. In group B, there was only SLNs detected after 
laparotomy.
Microscopic examination of the sentinel nodes 
removed with minilaparoscopy revealed intact nodes 
with complete preservation of nodal architecture and no 
evidence of thermal or mechanical damage.
Figure 4. (A) SLN extracted with a minilaparoscopic grasper. (B and C) Lymph node in NIR light.
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Discussion
SLN techniques are now part of the standard treatment 
for breast cancer,13 melanoma,14 and selected cases of 
vulvar cancer.15,16 SLN biopsy has been one of the more 
recent, important innovations in surgical oncology. It has 
been established as less invasive and more informative to 
clinicians.4,5 In uterine cancers, SLN biopsy can poten-
tially provide more accurate identification of uterine 
drainage, primary tumor staging, and may have applica-
tions in fertility-sparing surgical procedures.17
In our study, the feasibility and reliability of SLN 
removal by a retroperitoneoscopic approach using mini-
laparoscopic instrumentation after ICG dye cervical 
injection were assessed. This was also compared with 
conventional 5-mm laparoscopic instruments.
The ICG fluorescent dye relies on a fluorometrically 
capable camera and appears green when excited by light 
in the NIR range. It has the potential advantage of being 
readily visible through visceral fat and has a higher detec-
tion rate than blue dye in SLNs.18 NIR fluorescence imag-
ing using ICG may improve SLN technology in cervical 
and endometrial cancers by increasing the rate of bilateral 
SLN mapping without the added cost and inconvenience 
of technetium.19
Dargent and Salvat reported the first use of conven-
tional laparoscopic instruments for extraperitoneal lymph-
adenectomy in women with gynecologic cancers.20,21 
Occelli et al found that compared with transperitoneal 
approach in animal studies, extraperitoneal laparoscopy 
leads to fewer postoperative adhesions, lowering the risk 
of postoperative radiation-related complications.11 
Additionally, as the peritoneal cavity is untouched, com-
plications such as postoperative ileus, intraperitoneal 
adhesions, and intestinal obstruction are eliminated.22 A 
further important advantage of the extraperitoneal route is 
the protection of the bowel provided by the peritoneal 
sac.23 It is anatomically and surgically more logical as it 
is carried out on the left-hand side (providing better 
access to the aortic territory lymph nodes).24 Previous 
abdominal surgery, radiotherapy, and chemotherapy do 
not complicate the extraperitoneal approach. The low 
incidence of postoperative complications and minimal 
hospital stay promote early initiation of adjuvant therapy. 
Extraperitoneal techniques may reduce the time taken to 
access the lymphatic channels since adhesiolysis and 
bowel mobilization is unnecessary. There is decreased 
risk of electrosurgical bowel injury and there is no risk 
for unrecognized enterotomy due to traction or dissec-
tion.22 The ureters is automatically mobilized out of the 
dissection field by attachment to the peritoneal envelope. 
Since the peritoneal sac acts as a natural retractor, fewer 
instruments may be needed. Finally, there is potentially 
less pain caused by diaphragmatic irritation from CO
2
 
gas. Potential drawbacks may include subcutaneous 
emphysema with retropneumoperitoneum, possibly lead-
ing to pneumothorax via potential spaces and mediastinal 
anatomic pathways.22,25
Minilaparoscopy, using miniaturized instruments, fur-
ther reduces perioperative morbidity, enhances cosmetic 
healing, and avoids incisional herniation. Recently, mini-
laparoscopic surgical techniques have benefited from addi-
tional product development with a focus on improving 
instrument strength.26 During these experiments, research-
ers found thinner instruments to be functional with no 
increase in complications. The new minilaparoscopic 
rotating bipolar instrument allows precise tissue dissection 
and fine coagulation. The use of small-diameter instru-
ments is feasible with low CO
2
 pressures, thereby reducing 
possible complications related to pneumoperitoneum.27
In our comparative study, the operating time with 
minilaparoscopic instruments was shorter than with 5-mm 
conventional instruments (P = .042) without major com-
plications. These smaller instruments may offer the pos-
sibility of working better in restricted and narrow spaces 
like the retroperitoneum with lower CO
2
 pressures.
Table 1. Perioperative Data After ICG Injection and SLN Removal.
Perioperative Variables
Group A: 
Minilaparoscopy (n = 24)
Group B: Conventional 
Laparoscopy (n = 24) P Valuea Cohen’s d
SLN Coloring time (minutes), mean ± SD (range) 3.58 ± 1.38 (1-6) 3.25 ± 1.42 (1-6) .57 0.23
 Number removed, mean ± SD (range) 1.9 ± 0.8 (1-3)     2 ± 0.74 (1-3)  
 Location Preaortic 3 6  
 Left iliac vessels 9 7  
 Right iliac vessels 5 6  
 Promontory 4 4  
 Right obturator fossa 1 -  
 Left obturator fossa 1 1  
Operative time (minutes), mean ± SD (range)      39.3 ± 13.02 (25-65)      51.3 ± 14.17 (34-79)  .042 0.85
Abbreviations: ICG, indocyanine green; SLN, sentinel lymph node.
aStudent’s t test.
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This is the first study that compares minilaparoscopic 
versus conventional laparoscopic extraperitoneal 
approach in SLN removal.
The strengths of our study include the controlled set-
ting in which only a single variable (instruments size) 
was altered. The same team of surgeons performed all 
procedures. The most important limitation perhaps is its 
preclinical nature. Further studies with larger samples, 
lower CO
2
 pressures, and local anesthesia28 should be 
done. Our findings may help focus future human studies.
Conclusions
The resection of SLN by a minilaparoscopic extraperito-
neal approach after ICG cervical injection was performed 
successfully with no major complications. In this preclin-
ical study, the operative technique was feasible and reli-
able. The surgical time with the minilaparoscopic 
instruments was shorter than with 5-mm conventional 
instruments (P = .042). This procedure may reduce mor-
bidity during staging of gynecologic malignancies. 
Further studies are needed to confirm our results.
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